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A transcatheter occluding im- 
plant (50) is used to seal off a vessel 
lumen such as for arterial and venous 
embolisation, cutting off of supply to 
tumours, male and female sterilisa- 
tion. There is illustrated a plug mem- 
ber of an open foam plastics material 
having good hysteresis properties in 
the form of a shaft (51) carrying an- 
nular supports (5). The implant (50) 
can be compressed into a very small 
size and then will expand to contact 
the internal bore of the vessel to form 
a force fit within the vessel lumen for 
secure anchoring of the implant. The 
open cell foam construction encour- 
ages tissue growth and thus further 
contributes to the stabilisation of the 
implant. 
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IMPLANTABLE OCCLUDER DEVICES FOR MEDICAL USE 
Introduction 

The present invention relates to a transcatheter occluding implant for portion of a 
5 vessel lumen. Generally speaking, these implants comprise a plug for siting in the 
lumen and collapsible for transfer to its position in the lumen and include means for 
retaining the plug in the lumen. 

There are numerous circumstances when there is a requirement to occlude a vessel 
10 in the treatment of medical conditions ranging from critical care applications to 
cosmetic applications. This invention relates to products for use in the occlusion of 
vessels in the human body. 

Conventionally vessels are occluded using coil devices. Coils are metallic based 
15 devices and typically consist of a metal wire wound into a helical spring. This length 
of spring however, has the property of being able to coil up into various pre-set 
shapes in order to occlude the vessel. Coils are used in a whole range of applications 
such as arterial and venous embolization, embolization of selective vessel supply to 
tumours, arterio-venous malformations, embolization of aneurysms and male 
20 sterilisation. Coils are unsuitable for closure of varicose veins, varicoceles and other 
similar venous applications due to the high level of collateral flow in the venous 
circulation. 

A typical example of a device consisting of a wire for occluding an aperture within a 
25 body surface such as an arterial and ventricular septal defects is described in US 
Patent Specification No. 5,108,420 (Marks). 

Patent Specification No. WO 92/19162 (Seid) shows a surgical implantation device to 
be placed within a patient's body and seal a herneal rupture in the abdominal fascia. 
30 Essentially, this consists of a annular support large enough to cover the opening and 
a plug which is placed through the opening. Similarly, Patent Specification No. WO 
97/41778 (Gilson) discloses a transcatheter occluder device which usually has a pair 



WO 99/23954 



PCT/IE98/00092 



- 2 - 

of spaced-apart annular supports interconnected by a narrow neck portion extending 
between the annular supports. The device is formed by a highly compressible foam 
plastics material and by virtue of its geometry, includes an opening, the neck siting in 
the defect opening while the annular supports remain on opposite sides of the 
5 opening. This device depends on its physical geometry for use in occlusion of holes. 
It is necessary that it engages and overlaps the side wall of the occlusion and is thus 
anchored by engagement with a peripheral face defining the opening. 

Very often, vascular vessels need to be blocked. These vessels by the very nature of 
10 their anatomy can be described as lubricious tubes providing a very slippy 
environment and thus stabilising an occlusive device in such a vessel lumen can be 
extremely difficult. A further problem associated with such vessels is that they can 
have an indigenous pulse within the arterial wall. Such a pulse can be transmitted 
along the entire length of the vessel and against any occluding implant mounted 
15 therein. Further, by the very nature of the change in pressure within the vessel, the 
vessel, for example, will often expand and contract and there is thus a need for an 
implant that will be able to accommodate the changes in the bore of the vessel lumen 
in which it is placed. 

20 Statements of Invention 

According to the invention, there is provided a transcatheter occluding implant for 
portion of a vessel lumen of the type comprising a plug for siting in the lumen and 
collapsible for transfer to its position in the lumen and means for retaining the plug in 

2 5 the lumen characterised in that the implant comprises a resiliently deformable plug 
member at least some of which is formed from a resilient foam plastics material, the 
plug member being expandable and self-supporting into a configuration which is 
greater than at least part of the internal bore of the lumen to form a force fit within the 
lumen sufficient to anchor the occluding implant within the lumen and in which the 

30 shape of the plug member is such that it contacts the interior of the lumen sufficiently 
to offer a considerable barrier to the flow of liquid through the lumen on initial insertion 
and expansion within the lumen. A great advantage of using a resilient foam plastics 
material is that the plug member will expand and contract as required during use and 
thus will always accommodate, for example, pulsating flows of liquids and increases 
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and decreases in liquid pressure, such as blood pressure. 

Ideally, the barrier to the flow of the liquid is total on initial insertion and expansion. 
While it may not always be practical or necessary to block all the blood flow 
5 immediately, for example, where there would be an aneurysm and one would be 
relatively wary of rupturing the interior of the vessel lumen. In many other 
circumstances, it would not necessarily be a problem and obviously, where it is 
desired to cut off the flow, for example, of blood to a tumour, the quicker the blood flow 
can be stopped, the better. 

10 

Ideally, the outer surface of the plug member adjacent the interior of the lumen is of an 
open cell structure forming a plurality of tissue receiving orifices. The advantage of 
this is that as the plug member is retained in position, gradually tissue will be able to 
grow into the plug member so that the plug member will become a permanent fixture. 
15 For example, in many situations, it might not be desired to remove the implant, such 
as, for example, where it was used in the fallopian tube for the purpose of female 
sterilisation. Similarly, it might be extremely important when the implant was an 
aneurysm implant. 

20 In a still further embodiment of the invention, all the plug member is of a foam plastics 
material. 

Ideally, the foam plastics material is an open foam cell material. This is one of the best 
materials for using as it has extremely good hysteresis properties and, generally 
25 speaking, the foam plastics material should be manufactured from a polymeric 
material having good hysteresis properties. 

Further, in accordance with the invention, the rate of expansion and compressibility of 
the foam material is chosen to be greater than that to which the bore of the lumen is 
30 subjected. It will be appreciated that if, for example, a vessel contracts and expands 
regularly, it is vital that the contraction and expansion of the implant does not cause 
abrasive damage to the vessel lumen. 

Ideally, the surface area of the plug member in contact with the internal bore of the 
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lumen on initial insertion exceeds the minimum area necessary to anchor the 
occluding implant within the lumen. While it would be possible to hold an implant in 
position by some fixing means, it is obviously much better that, from the start, the 
implant should hold itself in position. 

5 

Ideally the foam material has a pore size of less than 250 microns. Preferably the 
foam material has a pore size of less than 100 microns and may be within the range 
of 30 to 50 microns. 

10 Preferably the foam material has a void content of greater than 70%. Ideally greater 
than 90% and in some instances greater than 94%. 

One of the major advantages of the present invention is that the foam structure of 
the plug member is such as to confer a 3 dimensional structure to the implant. By 

15 virtue of an open cell foam construction, tissue growth can occur and following this, 
vascularisation of the implant. Following tissue growth, the presence of the tissue 
will promote the occlusion of the original implant which is now sustainable. The 
tissue growth occurs by virtue of the open cell nature of the foam structure. Thus, 
there may be situations where, for example, it is now possible, without causing 

20 damage to the vessel walls, to offer a complete barrier to the flow of liquid through 
the lumen on initial insertion and expansion of the implant within the lumen. 
However, initially the transcatheter occluding implant would block most of the flow 
and then, as tissue growth it promoted, the total flow will be blocked. It will be 
appreciated that this will not always be the situation and indeed in many instances, 

2 5 the transcatheter occluding implant according to the invention will on first insertion, 
act as a total barrier to the flow of liquid. 

In one embodiment of the invention, the plug member is substantially cylindrical in 
shape and may have circumferentially arranged open slots or longitudinally arranged 
30 open slots. The great advantage of these slots is that they would allow the plug 
member to be compressed to a very small size and thus be able to expand to a 
relatively large diameter. 

Ideally, the cylindrical plug member is bent around itself to form shapes of differing 
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geometries. Many shapes may be required, for example, where it may not be 
practical to oversize the occluder device and also where there may be different 
shapes of vessel requiring occlusion. 

5 In one embodiment of the invention, the plug member is in the form of a shaft 
carrying a plurality of spaced-apart annular supports. This is bound to be a very 
efficient way of manufacturing the implant. 

Ideally, the plug member is in the form of a central shaft carrying two end portions of 
10 gradually increasing cross section. Such a device does not cause undue pressure on 
the internal bore of the vessel lumen. Ideally, each end face of the plug member is of 
a dished configuration. Again, this allows for increased compressibility. 

In one embodiment of the invention, the plug member comprises a central shaft 
15 having at its distal end an enlarged head formed from a plurality of radially arranged 
flights tapering towards its extremity and a tail portion at its proximal end comprising 
a plurality of longitudinally spaced-apart flights projecting radially from the shaft and 
a circular annular support mounted on the shaft intermediate the tail and head 
portions. This has been found to be a very satisfactory way of manufacturing the 
2 0 occluder which is tightly anchored without causing damage to the vessel in which it is 
mounted. 

When the implant is an aneurysm, it has a substantially spherical plug member. Very 
often, for an aneurysm, the plug member would be manufactured as to be slightly less 
25 in size than the aneurysm so as to ensure that undue pressure was not exerted on the 
vessel. In a situation such as this, the implant would probably be anchored relatively 
easily and because it would be in an aneurysm, it is unlikely to migrate. 

Finally, the plug member includes attachment means for catheter placement and 
30 retrieval. Obviously, if the implant is to be sent and to be placed in position by a 
catheter, it is preferably that there often be some form of attachment means on the 
plug member to allow ease of manipulation and also particularly when it is desired 
possibly to remove the implant at some later stage. 
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Detailed Description of Drawings 

The invention will be more clearly understood from the following description thereof 
given by way of example only with reference to the accompanying drawings in which:- 

5 

Figs. 1 to 10 are cross-sectional views of various implants according to the 
invention, 

Fig. 1 1 is a plan view of another implant according to the invention, 

10 

Fig. 1 2 is a cross sectional view in the direction of the arrows Xll-Xli of Fig. 1 1 , 

Fig. 13 is a plan view of still further implant according to the invention, 

15 Fig. 14 is a cross sectional view in the direction of the arrows XIV-XIV of Fig. 

13, 

Fig. 1 5 is a plan view of still further implant according to the invention, 
2 0 Fig. 1 6 is a sectional view in the direction of the arrows XVI-XVI of Fig. 1 5, 

Fig. 17 is a plan view of another implant according to the invention, 
Fig. 1 8 is an end view of the implant, 

25 

Fig. 1 9 is a sectional view in the direction of the arrows XIX-XIX of Fig. 1 8, 
Fig. 20 is a plan view of a still further implant according to the invention, 
30 Fig. 21 is an end view of the implant of Fig. 20, 

Fig. 22 is a sectional view in the direction of the arrows XXII-XXII of Fig. 21 , 
Fig. 23 is a plan view of a still further implant according to the invention, 
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Fig. 24 is an end view of the implant of Fig. 23, and 

Fig. 25 is a sectional view in the direction of the arrows XXV-XXV of Fig. 24. 

5 

Referring to the drawings, and initially to Fig. 1 , there is illustrated a transcatheter 
occluding implant 1 for portion of a vessel lumen. The implant 1 comprises a 
deformable plug member which is formed from a resilient foam plastics material, in 
this embodiment, a polymeric material. It will be appreciated that when describing any 
10 of the foam plastics materials or any of the materials used in accordance with this 
invention, that they must all be essentially biologically compatible, or at least the outer 
surface. 

Essentially, when delivered by a catheter 1 through a vessel lumen, it will obviously be 
15 compressed within the catheter and will then expand and must be self-supporting 
within the vessel into a configuration which will ensurd that it is stabilised within the 
vessel by means of its geometry to form a force-fit within the lumen sufficient to 
anchor the implant 1 within the lumen. Accordingly, the implant 1 is designed so as to 
generate a frictional force within the vessel which exceeds the other forces acting on 
20 the implant. It is thus essentially a force fit within the lumen. Generally speaking, the 
plug member would expand normally to a configuration which is greater than at least 
part of the internal bore of the lumen to which it is being fitted. It is advantageous to 
consider these frictional forces in general terms. 1 

25 This frictional force is the force stabilising the device in the vessel and is described by 
the equation 

Ff = |jv-N Eq. 1 

30 wherein Ff is the force of friction, jjv is the coefficient of friction and N is the normal 
force. The normal force N of the equation 1 is related to the pressure applied by the 
device to the vessel wall by the equation 
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N = Pd. Ad Eq. 2 

wherein Pd is the average pressure applied by the device on the vessel wall and Ad 
is the area of the device in contact with the vessel wall. The fluid pressure acting on 
5 the device generates a pressure force Fp defined by equation 3. 

Fp = Pf(0.5. ttx r 2 ) = Pf .Av Eq. 3 

Where Fp is the force acing on the device due to fluid pressure, Pf is the fluid 
1 0 pressure, r is the radius of the vessel and Av is the cross-sectional area of the vessel. 
Combining and rearranging equations 1 , 2 and 3 leads to the concept of a critical 
area Ac, wherein the pressure force is exactly equal to the frictional force 

Ac = (pv. Pf. Av)/Pd Eq.4 

15 

From equation 4 it is clear that the critical area is a function of four parameters 

the coefficient of friction between the device material and the vessel wall (pv) 
the pressure applied by the fluid on the device (Pf) 
2 0 - the pressure applied by the device to the vessel wall (Pd) and 
the cross sectional area of the vessel (Av). 

For the vessel stable implants according to this invention it is desirable that the area 
of the device in contact with the vessel wall be greater than the critical area. Ideally, 

2 5 the area of the device in contact with the vessel wall will be more than 50% greater 

than the critical area. The stability of the device can be accomplished by varying any 
of the above parameters to achieve the correct relationship between the critical area 
and the actual area of the device in contact with the vessel. 

3 0 For a fully cylindrical device increasing the length of the device is the only method of 

increasing the critical area. 
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The coefficient of friction between the vessel and the device is typically between 0.01 
and 0.25. The pressure applied to the device by fluid will vary between 0 and 200 
mmHg. Thus, the pressure and area functions of the device need to be selected to 
match specific vessel applications. 

5 

The pressure applied by the device on the vessel wall can be increased by increasing 
the compressive modulus of the foam or by increasing the level of interference 
between the device and the vessel. 

10 Fig. 2 shows an alternative construction of implant indicated generally by the 
reference numeral 2 which comprises a plug member having an inner sleeve 3 of a 
rigid polymeric material surrounded by a resilient foam plastics material 4. The 
sleeve 3 may be metallic. 

15 Referring now to Fig. 3, there is illustrated an implant indicated generally by the 
reference numeral 5 totally of a foam plastics material in an S-shape which is a 
substantially cylindrical plug member bent around itself to form this shape. 

Figs. 4 to 10 inclusive illustrate alternative constructions of implants indicated 
20 generally by the reference numerals 10, 11, 12, 13, 14, 15 and 16 respectively. 
These illustrate many different shapes of device. Referring specifically to Fig. 5, the 
implant 11 consists of a polymeric foam plug member 20 with an attachment 
mechanism 21 . This attachment mechanism facilitates the gripping of the device by a 
gripping mechanism and facilitates re-positioning of the device or retrieval of the 
25 device. Attachment means can be achieved in a variety of ways and can be made 
suitable for virtually any geometry of device. The attachment means can for example 
be a threaded screw-in member or it may be a lock on gripper or other similar 
approaches may be used. 

3 0 While a cylindrically shaped device is suitable for occluding vessels a series of other 
geometry's are also suitable. In many applications, it is desirable to have geometries 
which are substantially base d on a cylindrical geometry but have material removed 
from the cylinder so as to facilitate delivery through a small diameter catheter. The 
device geometries described in Figs. 1 and 2 have geometries wherein the central 
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axis of the device is linear. Where it is not practical to over size the occluder device 
and where substantial amounts of material cannot be removed from the cross-section 
to aid delivery, then the geometry of the device needs to be such as to anchor itself in 
the vessel. This can be achieved by manufacturing a device wherein the central axis 
5 of the device is non-linear, and where the device has three dimensional curved 
surfaces. One such shape is an elongated "S" shaped device, the implant 5 of Fig. 3, 
or a spiral shaped device or a "C" shaped device such as the implants 11 and 13. 
These configurations have the advantage that the device wraps down in the catheter 
in an extended configuration. This reduces the device profile during delivery. Upon 
10 deployment the device shortens and expands. An additional benefit of these 
configurations is that the device can force the vessel to take up a non-linear 
configuration and this will stabilise the device without applying significant pressure to 
the vessel. There are many other geometry's which can be employed and the above 
are only representative examples. 

15 

In one embodiment the device is designed for the treatment of arterio-venous 
malformations (AVM's). AVM's are currently treated by cutting off the blood supply to 
the abnormal region. With this invention it is possible to cut off the blood supply by the 
use of a polymeric foam prosthesis placed proximal to the lesion. This foam device is 
20 sized so as to provide radial pressure on the artery. The foam structure will preferably 
be such as to promote tissue ingrowth and this will mechanically stabilise the device. 

The implant 16 of Fig. 10 and 15 of Fig. 9 is designed to embolize a sac type 
aneurysm. In this embodiment the device is delivered to the aneurysm and deployed 

25 into the aneurysm. The geometry of the device is such that it fills completely the 
space in the aneurysm. This eliminates the need for significant levels of pressure or 
friction as the geometry of a berry type aneurysm will inherently stabilise any device 
which can comply with and substantially fill the aneurysm. The density of the foam for 
this type of application is ideally very low so as to apply minimal stress on the walls of 

30 the aneurysm. Densities of less than 100kg/nf are desirable. More ideally the foam 
density should be less than 40kg/nrf . Even more ideally the foam density should be 
less than 20kg/m 3 . The pore structure of the foam should ideally be such as to 
promote tissue ingrowth. This will stabilise the device and remove residual pressure 
from the walls of the aneurysm. The foam should further be designed to be especially 
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soft and deformable so as to avoid the application of additional pressure on the 
aneurysm wall. While in this specification, the concept of force fit is used, it must be 
appreciated that the force fit required is that required to ensure that the implant will 
remain in place and thus, for example, with the sack-type aneurysm, the amount of 
5 pressure or friction as it were that is required is relatively minimal. The implant will 
stay in position itself. 

Referring now to Figs. 1 1 and 1 2, there is illustrated an implant indicated generally by 
the reference numeral 30 having a plug member 31 which includes a plurality of 
10 circumferentially arranged open slots 32 which allow for compressibility and provide in 
effect deformation accommodating means. 

Referring now to Figs. 12 and 13, there is illustrated an alternative implant indicated 
generally by the reference numeral 35 having a plug member 36 and a plurality of 
15 longitudinally arranged open slots 37 again forming deformation accommodating 
means. 

Referring now to Figs. 15 and 16, there is illustrated a still further implant indicated 
generally by the reference numeral 40 again having a plug member 41 of a 
20 substantially cylindrical shape. In this embodiment, there is provided circumferentially 
arranged open slots 42 and longitudinally arranged open slots 43. Again, this will 
provide greater flexure and will allow for the deformation of the implant 40. 

Referring now to Figs. 17 to 19 inclusive, there is illustrated an implant indicated 

2 5 generally by the reference numeral 50 having a plug member in the form of a shaft 51 

carrying a plurality of spaced-apart annular supports 52. Again, the annular supports 
will form deformation accommodating means and will provide adequate barriers to the 
fluid while allowing for ease of deployment. 

3 0 Referring to Figs. 20 to 22 inclusive, there is illustrated an implant indicated generally 

by the reference numeral 55 in the form of a central shaft 56 having end portions 57 of 
gradually increasing cross section, each having an end 'face 58 of dished 
construction. Again, this will assist deployment. 
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Referring now to Figs. 23 to 25, there is illustrated an implant indicated generally by 
the reference numeral 60 having a plug member formed from a central shaft 61 
having an enlarged head at its distal end formed from a plurality of radially arranged 
tapering flights 62 and a tail portion at its proximal end comprising a plurality of 
5 longitudinally arranged spaced-apart flights 63. A central circular annular support 64 
is~~Trou'nf ecf'"' oh the sfiaTt 6T^ ITiis~7ias i'~6eerT Tounff to te a partlcnlarlyusefut 
construction. The flights will allow the securement of the implant within the vessel, 
while at the same time maximum flexibility is provided. 

10 When, for example, the implant is designed to occlude the fallopian tube for the 
purpose of female sterilisation, the device geometry is such that when released from 
the catheter that it expands to fully occlude the vessel. There are various geometry's 
which could be used for this application. An important feature is the ability of the 
implant to expand to a size equal to or greater than that of the vessel. This generates 

1 5 compressive interference with the wall of the tube and holds the implant in place. 

In yet another use of the implants of this invention, the implant is designed for the 
purpose of embolising selective vessel supply to tumours. In this embodiment the 
implant geometry is such that when released from the catheter it expands to fully 
2 0 occlude the vessel. There are various geometry's which could be used for this 
application. An important feature of this embodiment is the ability of the implant to 
expand to a size equal to or greater than that of the vessel. This generates 
compressive interference with the wall of the tube and holds the implant in place. 

25 In yet another embodiment of this invention, the implant may be designed for the 
purpose of embolising varicose veins. In this embodiment, the implant occludes the 
varicose vein over a substantial portion of its length. There are various geometries 
which could be used for this application. Several implant type devices could be 
deployed along the vessel independently so as to occlude the vessel on a segmental 

30 basis. Alternatively, the implant could consist of a segmented design wherein 
occluding segments are attached together by a common core or the implant could be 
designed with a high length to diameter ratio so as to occlude the vessel completely 
over its entire length. 
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It will be obvious from the above that the geometry of the implant will be chosen so as 
to deform the implant compressively or to otherwise deform it so as to secure the 
implant at the occlusion site. Suitable geometries are numerous but are not limited to 
the following 3-dimensional shapes. 

5 

Devices wherein the cross-sectional shape perpendicular to the vessel axis is a 
triangle, a rectangle, a polygon, an ellipse, an S-shaped surface, a C-shaped surface, 
or a surface compounded of portions of these shapes and wherein the cross-sectional 
shape parallel to the axis is a triangle, a rectangle, a polygon, an ellipse, an S-shaped 
1 0 surface, a C-shaped surface, or a surface compounded of portions of these shapes. 

Devices wherein the geometry is constructed of a rod of various possible cross- 
sectional shapes such as triangular, rectangular, polygon, elliptical, S-shaped, C- 
shaped, or a shape compound of portions of these shapes, wherein the rod is shaped 
15 into a series secondary three dimensional configurations exemplary examples of 
which include but are not limited to a helical wound device, spiral wound device, a ball 
shaped coil device, a multilayer ball shaped coil device, a multilayer layer helical 
wound device and such like. 

20 It is further envisaged that the implants according to the present invention will 
incorporate, as part of the plug member, a solid polymeric or metallic core to improve 
visualisation or to provide some form of attachment means to assist in the delivery of 
the device and in certain circumstances, in its retrieval. The plug member could have 
a solid core member which could, for example, be a helically wound coil, a solid tube, 

2 5 a mandrel or any suitable construction only some of which have been illustrated. 

Many plastics foam materials may be used in accordance with this invention such as 
those described in our copending patent applications. An open foam plastics material 
is particularly advantageous and ideally the outer surface of the plug member 
30 adjacent the interior of the lumen is of an open cell structure. The open cell structure 
will form a plurality of tissue receiving orifices and thus the implant can be in many 
instances totally incorporated into the patient's body. The pore size of the polymeric 
material will be selected to promote tissue growth and angiogenesis. Ideally, the pore 
size is less than 250 or 100 microns and may be as low as 30 to 50 microns. Again, 
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the pore size will be chosen, depending on the requirement. Similarly, an optimal void 
content will depend on the implant geometry and the location of it. It has been found 
that in general a void content in excess of 80% is desirable. In some applications, the 
void content may exceed 90% or even be in excess of 94%, thus the foam material is 
5 essentially very flexible and of extremely low density so as to have good hysteresis 
properties. 

Ideally, the foam material when used in a vessel which is continually expanding and 
contracting should be capable of expanding and contracting faster than the vessel so 
10 as not to put any undue strain on the vessel walls or to tend to separate from the 
vessel wall when the vessel wall expands. 

As stated above, many polymeric materials may be used and it will be appreciated 
that as long as the implant or at least the outer surface of the implant is coated in a 
15 biologically compatible material, that any suitable materials may be used. It is 
envisaged that the porous polymeric material could be any polymer constructed from 
some or all of ether, ester, carbonate, urethane, urea, biuret, allophanate and 
siloxane. 

20 Many polyurethanes are suitable such as a polyether urethane, a polyether urethane 
urea, a polyether carbonate urethane, a polyether carbonate urethane urea, a 
polycarbonate urethane, a polycarbonate urethane urea, a polycarbonate silicone 
urethane, a polycarbonate silicone urethane urea, a polydimethylsiloxane urethane, a 
polydimethylsiloxane urethane urea, a polyester urethane, a polyester urethane urea 

25 or mixture of these. 

The porous polymeric member may be made from a silicone based polymer, a 
fluoropolymer, an olefin or a polyester. 

30 Exemplary processes for the manufacture of devices of this invention include but are 
not limited to: 

Injection blow moulding wherein material is injected into a mould in a liquid state and 
foams in the mould due to the expansion of a gas generated by either physical or 
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chemical means. 

Extrusion blow forming wherein liquid polymer is extruded from a high pressure die 
and foams due to the expansion of a gas by either physical or chemical means. 

5 

Extrusion blow forming wherein liquid polymer is extruded from a chemical means. 

Phase inversion processes wherein a porous foam is generated from a polymer 
solution by bringing the polymer out of solution by the use of a non-solvent or 
1 0 thermally. 

Lost core processes wherein porous foam is made by mixing a lost core material with 
the fluidised polymer, solidifying the polymer and subsequently removing the lost core 
material typically by a solution process. 

15 

Reaction blow moulding wherein a polymeric foam structure is generated by the 
simultaneous polymer chain extension and blowing processes, the blowing process 
may be due to either a condensation reaction associated with the formation of a 
supermolecular structure or due to the holding of volatile solvents or due to the 
20 inclusion of a thermally degrading gas evolving compound or due to the solubilisation 
and expansion of dissolved or compressed gas in one or more of the reaction 
components. 

Machining of a solid material into appropriately shaped porous structures may be 
25 either by mechanical machining or laser machining or chemical ablation. 

Combinations of the above process may be used either to manufacture the device or 
to achieve a density sufficiently low for successful use. 

30 The invention is not limited to the embodiments hereinbefore described which may be 
varied in construction and detail. 
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CLAIMS 



1. A transcatheter occluding implant for portion of a vessel lumen of the type 
comprising a plug for siting in the lumen and collapsible for transfer to its 

5 position in the lumen and means for retaining the plug in the lumen 

characterised in that the implant comprises a resiliently deformable plug 
member at least some of which is formed from a resilient foam plastics 
material, the plug member being expandable and self-supporting into a 
configuration which is greater than at least part of the internal bore of the 
10 lumen to form a force fit within the lumen sufficient to anchor the occluding 

implant within the lumen and in which the shape of the plug member is such 
that it contacts the interior of the lumen sufficiently to offer a considerable 
barrier to the flow of liquid through the lumen on initial insertion and expansion 
within the lumen. 

15 

2. A transcatheter occluding implant as claimed in claim 1 in which the barrier to 
the flow of the liquid is total on initial insertion and expansion. 

3. A transcatheter occluding implant as claimed in claim 1 or 2, in which the outer 
2 0 surface of the plug member adjacent the interior of the lumen is of an open cell 

structure forming a plurality of tissue receiving orifices. 

4. A transcatheter occluding implant as claimed in any preceding claim in which 
substantially all the plug member is of a foam plastics material. 

25 

5. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam plastics material is an open foam cell material. 

6. A transcatheter occluding implant as claimed in any preceding claim, in which 
30 the foam plastics material is manufactured from a polymeric material having 

good hysteresis properties. 



7. 



A transcatheter occluding implant as claimed in claim 6, in which the rate of 
expansion and compressibility of the foam material is chosen to be greater 
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than that to which the bore of the lumen is subjected. 

8. A transcatheter occluding implant as claimed in any preceding claim in 
which the foam material has a pore size of less than 250 microns. 

9. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam material has a pore size of less than 1 00 microns. 

10. A transcatheter as claimed in any preceding claim, in which the foam material 
1 0 has a pore size within the range of 30 to 50 microns. 

11. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam material has a void content of greater than 70%. 

15 12. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam material has a void content greater than 90%. 

13. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam material has a void content greater than 94%. 

20 

14. A transcatheter occluding implant as claimed in any preceding claim in 
which the surface area of the plug member in contact with the internal bore 
of the lumen on initial insertion exceeds the minimum area necessary to 
anchor the occluding implant within the lumen. 

25 

15. A transcatheter occluding implant as claimed in any preceding claim in which 
the plug member is substantially cylindrical in shape. 

16. A transcatheter occluding implant as claimed in claim 15, in which the plug 
30 member has a circumferentially arranged open slot. 



17. 



A transcatheter occluding implant as claimed in claim 15 or 16, in which the 
plug member has a longitudinally arranged open slot. 
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18. A transcatheter occluding implant as claimed in any of claims 15 to 17, in 
which the cylindrical plug member is bent around itself to form shapes of 
differing geometries. 

5 19. A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
the plug member is in the form of a shaft carrying a plurality of spaced-apart 
annular supports. 

20. A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
10 the plug member is in the form of a central shaft carrying two end portions of 

gradually increasing cross section. 

21 . A transcatheter occluding implant as claimed in claim 20 in which each end 
face of the plug member is of a dished configuration. 

15 

22. A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
the plug member comprises a central shaft having at its distal end an enlarged 
head formed from a plurality of radially arranged flights tapering towards its 
extremity and a tail portion at its proximal end comprising a plurality of 

20 longitudinally spaced-apart flights projecting radially from the shaft and a 

circular annular support mounted on the shaft intermediate the tail and head 
portions. 

23. A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
25 the implant is an aneurysm implant having a substantially spherical plug 

member. 

24. A transcatheter occluding implant as claimed in any preceding claim, in which 
the plug member includes attachment means for catheter placement and 

30 retrieval. 

CRUICKSHANK & CO., 



WO 99/23954 



19 



PCT/IE98/00092 



AMENDED CLAIMS 

[received by the International Bureau on 31 March 1999 (31.03.99) ; 
original claims 1-24 replaced by amended claims 1-24 (3 pages)] 

CLAIMS 

1. A transcatheter occluding implant for portion of a vessel lumen of the type 
comprising a plug for siting in the lumen and collapsible for transfer to its 
position in the lumen and means for retaining the plug in the lumen 
characterised in that the implant comprises a resiliently deformable plug 
member at least some of which is formed from a resilient foam plastics material 
having a void content of greater than 70%, the plug member being expandable 
and self-supporting into a configuration which is greater than at least part of the 
internal bore of the lumen to form a force fit within the lumen sufficient to 
anchor the occluding implant within the lumen and in which the shape of the 
plug member is such that it contacts the interior of the lumen sufficiently to offer 
a considerable barrier to the flow of liquid through the lumen on initial insertion 
and expansion within the lumen. 

2. A transcatheter occluding implant as claimed in claim 1, in which the foam 
material has a void content of greater than 80%. 

3. A transcatheter occluding implant as claimed in claim 1 or 2, in which the foam 
material has a void content greater than 90%. 

4. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam material has a void content greater than 94%. 

5. A transcatheter occluding implant as claimed in any preceding claim in which 
the barrier to the flow of the liquid is total on initial insertion and expansion. 

6. A transcatheter occluding implant as claimed in any preceding claim, in which 
the outer surface of the plug member adjacent the interior of the lumen is of an 
open cell structure forming a plurality of tissue receiving orifices. 

7. A transcatheter occluding implant as claimed in any preceding claim in which 
substantially all the plug member is of a foam plastics material. 

AMENDED SHEET (^RTfCLE 19) 
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8. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam plastics material is an open foam cell material. 

9. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam plastics material is manufactured from a polymeric material having 
good hysteresis properties. 

10. A transcatheter occluding implant as claimed in claim 9, in which the rate of 
expansion and compressibility of the foam material is chosen to be greater 
than that to which the bore of the lumen is subjected. 

11. A transcatheter occluding implant as claimed in any preceding claim in 
which the foam material has a pore size of less than 250 microns. 

12. A transcatheter occluding implant as claimed in any preceding claim, in which 
the foam material has a pore size of less than 100 microns. 

13. A transcatheter as claimed in any preceding claim, in which the foam material 
has a pore size within the range of 30 to 50 microns. 

14. A transcatheter occluding implant as claimed in any preceding claim in 
which the surface area of the plug member in contact with the internal bore 
of the lumen on initial insertion exceeds the minimum area necessary to 
anchor the occluding implant within the lumen. 

15. A transcatheter occluding implant as claimed in any preceding claim in which 
the plug member is substantially cylindrical in shape. 

16. A transcatheter occluding implant as claimed in claim 15, in which the plug 
member has a circumferentially arranged open slot. 

17. A transcatheter occluding implant as claimed in claim 15 or 16, in which the 
plug member has a longitudinally arranged open slot. 
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A transcatheter occluding implant as claimed in any of claims 15 to 17, in which 
the cylindrical plug member is bent around itself to form shapes of differing 
geometries. 

A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
the plug member is in the form of a shaft carrying a plurality of spaced-apart 
annular supports. 

A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
the plug member is in the form of a central shaft carrying two end portions of 
gradually increasing cross section. 

A transcatheter occluding implant as claimed in claim 20 in which each end 
face of the plug member is of a dished configuration. 

A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
the plug member comprises a central shaft having at its distal end an enlarged 
head formed from a plurality of radially arranged flights tapering towards its 
extremity and a tail portion at its proximal end comprising a plurality of 
longitudinally spaced-apart flights projecting radially from the shaft and a 
circular annular support mounted on the shaft intermediate the tail and head 
portions. 

A transcatheter occluding implant as claimed in any of claims 1 to 13, in which 
the implant is an aneurysm implant having a substantially spherical plug 
member. 

A transcatheter occluding implant as claimed in any preceding claim, in which 
the plug member includes attachment means for catheter placement and 
retrieval. 



AMENDED SHEET (ARTICLE 1 9) 



WO 99/23954 



PCT/IE98/00092 



1 / 8 




P76-2> 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23954 



2 / 8 



PCT/IE98/00092 






-RS6 



SUBSTITUTE SHEET (RULE 26) 



WO 99/23954 



3 / 8 



PCT/IE98/00092 




13 



SUBSTITUTE SHEET (RULE 26) 



4 / 8 



PCT/IE98/00092 




SUBSTITUTE SHEET (RULE 26) 



WO 99/23954 



PCT/IE98/00092 



5 / 8 




Fio. 16 



SUBSTITUTE SHEET (RULE 26) 



6 / 8 



PCT/IE98/00092 



50 





5<D 



51 




FM7 



SUBSTITUTE SHEET (RULE 26) 



PCT/IE98/00092 



7 / 8 





SUBSTITUTE SHEET (RULE 26) 



WO 99/23954 



8 / 8 



PCT/IE98/00092 



5& 



55 




S3 



r 





SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 


inn ional Application No 

PCT/IE 98/00092 


A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61B17/12 




According to International Patent Classification (IPC) or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 A61B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C- DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 


WO 94 26175 A (VITAPHORE CORPORATION) 


1-10,14, 




24 November 1994 


15,18,23 




see abstract; figures 




see page 10, line 23 - page 12, line 32 




Y 




11-13 


Y 


EP 0 547 530 A (HENRY FORD HEALTH SYSTEM, 


11-13 




D/B/A HENRY FORD HOSPITAL) 23 June 1993 






see abstract; claims; figures 




X 


US 5 634 936 A (LINDEN ET AL.) 3 June 1997 


1,2,4,6, 






7,14-16, 






20,21,24 




see the whole document 




Y 




17,19 




-/-- 





X Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&" document member of the same patent family 



Date of the actual completion of the international search 

26 January 1999 


Date of mailing of the international search report 

01/02/1999 


Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280 HV Rijswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 


Authorized officer 

Gimenez Burgos, R 



Form PCT7ISA/21 0 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Int itionai Application No 

PCT/IE 98/00092 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category c 



Citation of document, with indication.where appropriate, of the relevant passages 



Relevant to claim No. 



FR 2 641 692 A (NIPPON ZEON CO. 

20 July 1990 

see abstract; figures 



LTD. ) 



EP 0 467 516 A ( BRISTOL-MYERS SQIBB 
CORPORATION) 22 January 1992 
see abstract; figures 

W0 97 41778 A (SALVIAC LIMITED) 

13 November 1997 

cited in the application 

see the whole document 



17,19 



1,15,17 



1-17, 
19-21,24 



Form PCT7ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



Inte onai Application No 

PCT/IE 98/00092 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



WO 9426175 



24-11-1994 



NONE 



EP 


0547530 


A 


23-06-1993 


US 


5258042 


A 


02-11-1993 










nc 
ut 




n 

V 












DE 


69213682 


T 


03-04-1997 










ES 


2093169 


T 


16-12-1996 










JP 


6054854 


A 


01-03-1994 


IK 




A 


n?-fifi-1 QQ7 

UO UO 1:7:7/ 


INUhC. 








FR 


2641692 


A 


20-07-1990 


JP 


2277459 


A 


14-1 i-iQon 

1"t XI 1 -7 J U 










JP 


2754067 


B 


20-05-1998 










us 


5192301 


A 


09-03-1993 


EP 


0467516 


A 


22-01-1992 


AU 


638853 


B 


08-07-1993 










AU 


8119391 


A 


23-01-1992 










CA 


2043601 


A 


21-01-1992 










JP 


4241878 


A 


28-08-1992 


WO 


9741778 


A 


13-11-1997 


AU 


3186897 


A 


26-11-1997 



Form PCT/ISA/210 (patent family annex) (July 1992) 



